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SEALING OF NOZZLE SLASHFACES IN A
STEAM TURBINE

BACKGROUND OF THE INVENTION

The present invention relates generally to seals between
circumferentially registering slashfaces of nozzle segments
in a steam turbine and particularly relates to spline seals
between the slashfaces of the nozzle segments.

In steam turbines, there are static nozzles including stator
vanes, 1.€., airfoils, circumferentially spaced one from the
other about a rotor mounting circumierentially spaced buck-
cts. Each set of nozzles and buckets forms a turbine stage.
The nozzles turn the steam flow into the buckets which, 1n
turn, extract work from the steam flow. In steam turbines, it
1s critical to minimize or eliminate as many leakage paths as
possible within the steam flowpath of the turbine and any
secondary leakage circuits. While impulse steam turbines
typically have a wheel and diaphragm construction, reaction
stcam turbines typically utilize a drum rotor construction. In
an 1mpulse design, the stage pressure drop 1s primarily taken
across the stationary nozzle partitions whereas 1n the reac-
tion design, the pressure drop 1s about equally divided
between the stationary and rotating blades.

In the reaction style drum rotor construction, the nozzles
mounting the partitions or stator vanes are slidably received
in circumferentially extending dovetail grooves as indi-
vidual nozzle segments. That 1s, the nozzle segments stack
up one against the other 1 a circumierential direction. The
nozzle segment has slashfaces at opposite ends, 1.c.,
endfaces, that are typically angled with respect to the rotor
ax1s to accommodate the sweeping airfoil turning shape of
the nozzle. The slashfaces are extant on all stages of the high
pressure and intermediate pressure steam turbine sections.
Gaps are therefore extant between the slashfaces, the gaps
essentially appearing as a result of machining tolerances of
the segments and casing hooks, assembly methods and
operational pressures and temperatures. These slashface
gaps can be suificiently large to produce substantial leakage
between the differential pressure regions forward and aft of
the nozzles. The problem 1s compounded due to the larger
number of nozzle segments on a typical reaction turbine
design as compared with an impulse turbine design. Thus,
the gaps between the slashfaces between adjacent nozzle
segments add up to a significant leakage arca which, if not
accounted for, causes increased elliciency losses.
Accordingly, there 1s a need to minimize or eliminate the
stcam leakage tlowpaths between the slashfaces of adjacent
nozzle segments 1 a steam turbine.

BRIEF DESCRIPTION OF THE INVENTION

In accordance with a preferred embodiment of the present
invention, there are provided circumferentially extending
nozzle segments disposed 1n a turbine casing having a
circumferentially extending arcuate dovetail-shaped groove.
Each nozzle segment comprises a base and at least one
partition or nozzle vane. The nozzle segments are stacked
one against the other 1n the dovetail-shaped groove of the
casing. The slashfaces or endfaces of the bases of the nozzle
secgments have spline seals for mimimizing steam leakage
flow past the slashfaces. The registering slashfaces of adja-
cent nozzle segments are provided with grooves for receiv-
ing portions of the spline seal. Each spline seal may com-
prise a flat sheet metal plate extending between
circumferentially registering grooves arranged either 1n a
ogenerally axial direction to preclude radial steam leakage
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flow or at an inclined, generally radially outwardly down-
stream direction to preclude axial steam leakage flow past
the nozzle segments. The spline seal per se may be wrapped
with metallic cloth or may have enlargements at opposite
ends for seating 1n the bases of the registering grooves. In the
latter spline seal, central portions thereof bridging the gap
between the segments are spaced from the sides of the
ogrooves and enable relative movement of the segments 1n a
direction normal to the spline seal without binding or

severing of the spline seal.

A particular advantage of the present invention resides in
the ability to retrofit spline seals to existing steam turbines
as a means of 1improving overall machine performance. To
accomplish this, and during a normal outage for
maintenance, the nozzle segments may be removed, 1.e.,
rolled, from the turbine casing. Slots may be machined in the
slashfaces to receive the spline seals. The segments are then
rolled back into upper and lower casings with the spline
scals 1nserted between opposing slashfaces, thereby reduc-
ing steam leakage paths 1n existing turbines after the retrofit.

In a preferred embodiment according to the present
invention, there 1s provided a steam turbine comprising a
rotor carrying a plurality of circumferentially spaced buckets
and forming part of a stage of a steam turbine section, a
stationary casing surrounding the rotor including a plurality
of nozzle segments carrying a plurality of nozzles and
forming another part of the stage of the stecam turbine
section, each of the segments having endfaces respectively
in circumierential registry with opposed endfaces of circum-
ferentially adjacent segments, each of the endfaces including
at least a first slot opening 1 a general circumferential
direction and 1n circumferential registration with the slot of
circumferentially adjacent endfaces and a first spline seal
extending between each of the adjacent endfaces of circum-
ferentially adjacent segments and 1n the slots for minimizing
or precluding steam leakage flow past the registering end-
faces.

In a further preferred embodiment according to the
present mnvention, there 1s provided a steam turbine com-
prising a plurality of circumierentially spaced buckets and
forming part of a stage of a rotor carrying a steam turbine
section, a stationary casing surrounding the rotor mncluding
a plurality of nozzle segments carrying a plurality of nozzles
and forming another part of the stage of the steam turbine
section, the nozzle segments including a dovetail-shaped
base carrying at least one of a stator vane forming at least
part of the nozzle, the casing having a circumierentially
extending dovetail-shaped groove and receiving the
dovetail-shaped base of the nozzle segments, each of the
secgment bases having endfaces respectively in circumfer-
ential registry with opposed endfaces of circumierentially
adjacent segment bases, the endfaces including slots open-
ing circumierentially and generally 1n registration with one
another and a spline secal extending between each of the
opposed endfaces of circumierentially adjacent segment
bases and 1n the slots for minimizing or precluding steam
leakage tlow past the registering endfaces.

In a further preferred embodiment according to the
present 1nvention, there 1s provided 1n a turbine having a
rotor, a stationary casing surrounding the rotor and a plu-
rality of circumierentially extending nozzle segments in
circumferentially extending grooves about the casing, a
method of retrofitting the nozzle segments to provide seals
between the opposed endfaces of adjacent nozzle segments
comprising the steps of removing the nozzle segments from
the turbine, forming at least one slot in each endface of the
removed nozzle segments, disposing a spline seal in slots of
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opposed endfaces of the nozzle segments and inserting the
nozzle segments 1nto the grooves of the casing whereby the
spline seals extend between adjacent segments for minimiz-
ing or precluding steam leakage flows between the adjacent
segments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a fragmentary enlarged partial cross-sectional
view through a rotor and steam turbine casing illustrating,
spline seals 1n the slashfaces of nozzle segments according
to a preferred embodiment of the present mnvention;

FIG. 2 1s a fragmentary radial view of adjacent nozzle
secgments 1llustrating angled slashfaces with a spline seal
between the slashfaces;

FIG. 3 1s a plan view of a spline seal for use between the
slashfaces;

FIG. 4 1s a fragmentary cross-sectional view of a different
form of spline seal;

FIG. 5 1s a schematic illustration of a still further form of
spline seal; and

FIG. 6 1s an enlarged cross-sectional view of a spline seal
illustrating metallic cloth covering therefor.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings, particularly to FIG. 1,
there 1s illustrated a portion of a steam turbine, generally
designated 10, including a rotor 12 mounting a plurality of
circumferentially spaced buckets 14 about the periphery of
the rotor, the rotor having an axis of rotation 16. As
illustrated, the buckets are arrayed in circumierentially
extending grooves 18 1n the rotor as 1s common 1n construc-
tions of this type. A steam turbine casing 20 surrounds the
rotor and 1ncludes a plurality of nozzle segments 22 spaced
circumferentially one from the other located 1 grooves 24
in casing 20). Each nozzle segment 22 includes a base 26 and
at least one partition or stator vane 28 projecting radially
inwardly from the base 26, adjacent vanes 28 forming
nozzles. As conventional, 1t will be appreciated that each of
the circumierential array of nozzle segments 1n conjunction
with the following circumierential array of buckets 14 form
a turbine stage, two stages being illustrated in FIG. 1.

The nozzle segment bases 26 are generally 1n a dovetail
conflguration having axially extending hooks 30 on axially
opposite sides of the bases 26. The grooves 24 have comple-
mentary axially opposed hooks or flanges 32 for underlying
the hooks 30 whereby the nozzle segments are maintained 1n
the generally dovetail-shaped groove. It will be appreciated
that the nozzle segments are stacked 1n a circumierential
direction one against the other in the grooves 24. Thus,
endfaces 40 of the segments 22 lie 1n registration one with
the other. Because of manufacturing tolerances, thermal
fransients during operating conditions and other factors,
gaps are formed between the abutting endfaces of the nozzle
scoments as 1llustrated with exaggeration in FIG. 2.
Moreover, as also 1llustrated 1n FIG. 2, the endfaces 40 of the
segments are 1nclined at an angle relative to the axial tlow
direction, 1.€., the flow direction of the steam flowing
through the turbine stages and performing work, as indicated
by the arrow 34 1n FIG. 1. Steam 1n the higher pressure
regions forwardly of the partitions 28 may flow through any
gaps formed between the endfaces 40 of the bases 26 of the
nozzle scgments 22, bypassing the intended flowpath 34 past
the partitions.

To minimize or eliminate leakage flowpaths past the
slashfaces of the segments 22, spline seals, generally 1den-
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tified at 46, are disposed between the circumferentially
registering slashfaces 40 of the adjacent nozzle segments 22.
For example, grooves or slots 44 (FIG. 2) are disposed in
cach of the endfaces of adjacent circumierentially extending
nozzle segments 22. The slots register circumierentially
with one another and receive a spline seal 46 spanning the
cgap 48 between the slashfaces.

As 1llustrated 1n FIGS. 2 and 3, the spline seal 46 may
comprise a flat metal plate having a generally parallelogram
shape. Due to the small size of the nozzle segments, the
spline seals are preferably formed of thin sheet metal
material, €.g., having a thickness 0.010 inches. As illustrated
in FIG. 1, the spline seal 46 may comprise a first spline seal
50 disposed between registering generally axially and cir-
cumierentially extending slots 52 in the registering endfaces
of the nozzle segment bases. The first spline seal 50 extend-
ing 1n the registering slots 52 thus precludes or minimizes
leakage flow 1n a radial outward direction into the gap
between the slashfaces 40 of the adjoining nozzle segment
bases 26. An additional or second pair of slots 54 in the
adjoining nozzle segments also register one with the other.
The additional or second slots 54 received a second spline
scal 56 are inclined 1n a radially outward downstream
direction to preclude or minimize leakage flow in the gap 48
between opposite slashfaces 40 of the nozzle segments at
their gap interface. Thus, each gap 48 between the nozzle
segment slashfaces 1s provided with a pair of spline seals 50,
56 to minimize or eliminate leakage flow.

It will be appreciated that the endface gaps 48 between the
adjoining nozzle segments 22 may be provided as part of
original equipment manufacture or retrofitted into existing
turbines. For example, to retrofit spline seals into an existing
turbine, the turbine is torn down, 1.e., the upper, outer and
inner casings are removed and the nozzle segments are
rolled out circumferentially from the dovetail-shaped
ogrooves 24. The grooves or slots 52, 54 are then formed 1n
the endfaces 40 of the nozzle segments 22 to receive the
spline seals 50 and 56, respectively. With the grooves thus
formed, the segments can be rolled back into the dovetail-
shaped groove of the casing with the spline seals 50, 56
inserted 1mto the end slots between adjacent endfaces.
Alternatively, new nozzle segments with the grooves already
formed may be used 1n lieu of forming grooves in the

removed nozzle segments.

Referring now to FIG. 4, another form of spline seal 44 1s
illustrated 1n a slot or groove, for example, slot 52 1n the
circumferentially opposed end faces 40 of nozzle segments
22. The spline seal 60 may have a seal body 62 with enlarged
end 64 along opposite edges of the seal for disposition
adjacent the bases of the grooves. Thus, the central portion
66 of scal body 62 has a reduced depth dimension 1n
comparison with the width of the slot and the enlarged ends
64 facilitating relative movement of the segments 22 without
causing damage to the spline seal. Spline seal 60 may be of
the type disclosed in commonly-owned U.S. Pat. No. 5,624,
227, the disclosure of which 1s 1ncorporated herein by
reference.

Referring to FIG. §, another form of spline scal 46 1s
illustrated. The spline seal 70 of FIG. 5 may be formed of a
sheet metal material having a seal body 72 with opposite
ends reversely curved or bent at 74 to form enlarged ends 76
along opposite sides of the spline seal 70. Edges 78 of the
reversely curved portions face the central portion of the seal
body. Enlarged ends 76, like the enlarged ends 64 of spline
scals 60 of FIG. 4 are disposed adjacent the bases of the slots
and facilitate relative movement of the nozzle segments.
This type of spline seal 1s also disclosed in the above-
mentioned patent.
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In FIG. 6, there 1s 1llustrated another form of spline seal
46. Here, a spline scal 80 has a central core 82 formed of
metal and has an overlay of cloth 84. The cloth layer may
comprise a metal, ceramic and/or polymer fibers which have
been woven to form a layer of fabric. The overlying cloth
may be of the type disclosed 1n commonly-owned U.S. Pat.
No. 5,934,687, the disclosure of which i1s incorporated
herein by reference.

It will be appreciated from the foregoing that spline seals
are provided 1n the gaps between the slashfaces of adjacent
nozzle segments and are disposed 1n grooves of the adjoin-
ing slashfaces. The spline seals extend generally axially and
at radially outwardly and downstream inclinations relative to
the axis of the turbine to minimize or preclude steam leakage
in radial and axial directions past the bases of the nozzle
secgments. In this manner, the leakage paths are curtailed or
precluded whereby the steam flow through the stages and the
work performed thereby are enhanced.

While the invention has been described in connection
with what 1s presently considered to be the most practical
and preferred embodiment, it 1s to be understood that the
mvention 1s not to be limited to the disclosed embodiment,
but on the contrary, 1s 1ntended to cover various modifica-
tions and equivalent arrangements 1included within the spirit
and scope of the appended claims.

What 1s claimed 1s:

1. In a steam turbine having a rotor, a stationary casing
surrounding the rotor and a plurality of circumferentially
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extending nozzle segments in circumierentially extending
orooves about said casing, a method of retrofitting the nozzle
segments to provide seals between the opposed endfaces of
adjacent nozzle segments comprising the steps of:

removing the nozzle segments from the steam turbine;

forming at least one slot 1n each endface of the removed
nozzle segments;

disposing a spline seal 1n slots of opposed endfaces of the
nozzle segments; and

inserting the nozzle segments into the grooves of the
casing whereby the spline seals extend between adja-
cent segments for minimizing or precluding steam
leakage flows between said adjacent segments.

2. A method according to claim 1 including forming two
slots 1n each end face of the removed nozzle segments, and
disposing a spline seal 1n each slot of the opposite endfaces
whereby the two spline seals extend between the adjacent
nozzle segments 1n assembly of the segments in the turbine.

3. A method according to claim 2 including forming one
of said two slots 1n the endfaces 1n a generally axial
direction, forming another of said two slots 1n the endfaces
in a generally 1nclined radial outward downstream direction,
and disposing spline seals in said respective slots to mini-
mize or preclude leakage flows 1n generally radial and axial
directions, respectively.
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